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Abstract 
This work reports the demonstration of a thermopneumatic microfluidic  actuator used to determine blood coagulation time. In 
this new system, the detection principle is the obstruction of a microfluidic channel by clotted blood. The sample actuation is 
done by aspiration due to air cooling in a cavity. We made a study of the position of the blood plug depending on the presence in 
the channel of coagulation reagent and observe a slowdown of the plug on a coated channel compared to a blank one. 
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1. Introduction 
Coagulation time measurement in point of care devices is of interest for patients undergoing an anticoagulant 
therapy when thrombosis risk is high. In this case, prothrombin time and INR (international normalized ratio) are 
used for monitoring coagulation because they reflect the activity of vitamin K, on which anticoagulants such as 
Warfarin act [1]. In a previous study, we reported the use of a polymer composite actuator to test coagulation of 
blood [2]. In this new system, the detection principle is still the obstruction of a microfluidic channel by clotted 
blood, but the actuation principle is now the thermal contraction of cooling air. This results in lower fabrication 
costs for the system, since no expandable material is needed. It is also a reversible reaction, which makes it possible 
to have the blood go back and forth. 
Many different solutions have been proposed to actuate biofluids in microchannels. Capillarity has been widely 
used through lateral flow system [3], but other alternatives such as mechanical pumping [4], electrothermal effect 
[5], etc…  have been proposed since. Thermopneumatic actuation has been demonstrated to be a simple solution 
allowing the aspiration of liquid in a microchannel [6]. In this work, such an aspiration system was used to actuate 
blood and mix it to a reagent allowing to observe a normalized coagulation time. Comparative experiments between 
plain blood and blood with normalizing reagent have show a detectable difference in fluid displacement profile 
allowing to measure coagulation time. 
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 2. Operation 
The principle of the coagulation time measurement system is detailed in Figure 1. A Ti/Pt resistor is structured on 
a glass chip. Two layers of PDMS (polydimethylsiloxane) are maintained between the chip and a top cover. The first 
layer of PDMS contains an empty cavity and the second a channel. Before the setup assembly, Innovin® is 
evaporated in the channel. This product contains proteins and reagents required to make a standard prothrombin 
time measurement on citrated blood. Once the system is assembled, air in the cavity is heated and its volume 
increases. Citrated blood is then laid at the channel inlet. By stopping current in the heater, the air cools down, the 
blood is sucked by the subsequent underpressure and enters the channel, where it flows on and mixes with the 
thromboplastin. At this point, time measurement can begin.  
 
Fig 1: Operation of the measurement system: (a) The heater is powered and the temperature in the central cavity rises inducing a thermal 
dilatation of the air it contains.(b) Blood sample is laid at the inlet of the channel (c) The current in the heater is stopped and the air trapped in the 
channel cools down and its volume reduces, sucking the blood towards the cavity. Blood will mix with the evaporated Innovin® (d) Coagulation 
takes place and the channel gets clogged by the solidified blood. The time between the entrance of blood in the channel and its movement end is 
the measured prothrombin time. 
3. Experimental 
3.1. Fabrication 
The device is composed of several parts: the heating chip, made out of glass, the cavity and channel chips, both 
made out of PDMS. The heating chip was fabricated by deposing 20/200nm of Ti/Pt by sputtering (Pfeiffer SPIDER 
600) on a glass wafer. Then the heaters pattern was done on a 8μm thick AZ9260 resist by photolithograpby. This 
mask was used to dry etch the platinum and titanium (STS Multiplex ICP). This resulted in a typical resistance of 
900Ohm. The PDMS channel chip was mould on a silicon / SU8 mold. The mold was done by standard 
photolithography with 200μm SU8 thickness. The channel was 400μm wide and 50mm long. The PDMS used was 
Sylgard 184 from Dow Corning mixed with a 10:1 base:crosslinker ratio. Curing was done at 80°C for 30min. The 
cavity chip was prepared with the same protocol except it was not molded but a thick plate was prepared and then a 
hole was punched to form the cavity. All those layers were stacked and reversibly clamped between two mechanical 
parts to form the channel / heater system.  
3.2. Experimental procedure 
Once the system is fabricated, it must be coated with Innovin® to trigger the coagulation cascade. Innovin® from 
Dade Behring was rehydrated as specified in the provided notice. Then the system was open and the channel chip 
filled with 7μl of the obtained solution. Evaporation took place at room temperature during 15min. Then the system 
was closed and clamped again. The heater was powered with 42mA. After 45s the blood was placed on the input as 
shown on Fig 1. After 1min the heater was switch off and the evolution of blood in the channel recorded. The blood 
was rat blood collected in SMonovette 3ml 9NC citrated syringe. Experimentations were done the same day as 
collection. 
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Fig 2 : Top view picture of the system. Citrated blood was put on the inlet and the heating was stopped. The blood was sucked in the channel by 
the cooling air and dissoled the evaporated Innovin®. This dissolution triggered the coagulation mechanism and the timer begun. As the blood 
flowed through the channel, it dissolved more Innovin® to insure a sufficient concentration in the sample. As fibrine precipitated the blood speed 
reduced and eventually the clot impaired completely the blood flow. 
4.  Results and discussions 
Progression of blood in the channel is shown on the graph of Figure 3 as well as a negative control. After 65s one 
can observe the blood slowing down and then clogging the channel, which shows the coagulation occurred. The end 
of the curve shows that after stopping, blood moves again. This is due to air still cooling down and decreasing the 
pressure in the chamber, which finally breaks the clot and makes it move again. This proves that blood stop is really 
due to the rise of viscosity of the clotting process and is not related the lack of pressure difference. The control 
experiment confirms that if no coagulation occurs displacement of the liquid is smooth and does not show any 
perturbation in opposition with the profile shown by coagulating blood. It can also be observed than both 
experiments do not have the same initial speed. This may be due to differences in thermal environment or to residual 
gas absorbed by PDMS, but is not critical for this application. Indeed, measurement of coagulation time is not based 
on the absolute distance that the plug covered but only on the reduction of the plug speed. 
 
Fig 3: Evolution of blood in a (a) microchannel coated with Innovin® and in (b) a blank channel for negative control. At 65s a fall of the speed of 
the blood can be observed in the channel with Innovin®, as a regular progression  is shown by the non treated blood. At 80s the blood moves 
again, due to a high pressure drop because of air cooling. 
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5. Conclusion 
This study demonstrates it is possible to measure blood coagulation time using thermal dilatation of air as actuator, 
providing a simple and affordable solution for disposable point of care systems. Further investigations will be made 
to find cheaper heating methods to allow this system to be disposable at an affordable cost. 
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